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botn programr-erS ..n , non >>C, tosec'fy';-
solutions in tr-e fo:)r- t-i asusi w1 .

as a fi-ction of tne :orr, .- )L / C Cr~-sr t '.
of ge aner-al izat ton of t-n pcr I~ x tC&ixty o~t 'en

th.e complexity OF to)e fe ~ 0 xc~
ployed in tosstudy ro-eq-r(e,. 7.atnof a cQolc (0
formation of a naval -asv2r- ,,:forniarocc oct - o i

grammers andi non-proq;r-rm2-_ i- vc30 wtOinrc
of pr-obilem-complexit.y aone- w -U-..: eP r-oLe or-sjpper-. For
bocnl tfC gr-oups, err ~worc r-a aivciy w
compared to err-ors- 7om i us _n. 1. was founrd trtat tO.-C ucgrec' c,'
processor-complexity was nnmore nlc7.a than problem-
complexity in pr-ed Lcting per-fo -mance scor-es3. Whehn little com-
puter gener-alization of usor-mnp,. wa, or-ovided, per-for-mance was
significantly lower tnan dL.rnm; all ote- r exper-imental conditionL.
Results also showed 't:,at Par- coatsrty Ln tne gcner-ation of
problem solutions was ai signfficant factor in per-For-mancc, tnhouqojr
years- of-expe rience Lind year-s-of-eduLCatIon Were not focund--, to be
good predictors of per-formrance. 7.n-e fcociaack-aids wer-e s3hown
to be most effective when they 7beate logic implied by tne
example-solutions. Th-ese oxperimcnt-s :,emronstrate the effective-
ness of the on-line use of com-puter - oftware to create and modify
software routines.

T



- ~ ,C -L-,,u''rt on) Conrtract N00014-79-C-OCY.
l_ -<-.,vvwocn Perf'ormance easur mnrt

v)- P n' o ,,q -vcho'oqy Group, Office-
A * ccrr-acvvao- inittated on 1 Sept 1 979 ind

fiedte catnability Of nroorarnmers

0,. ~!V 10 -, v vvrit ino computer prozlranmo_; eacin
*-'-,I. batl V o o'n12 ' at vlijous; levels Of

-V '~ 01-' W~v. VC 0!' Lv ! hfICUlty of eacti problem was
t ~ ~ ' 0 -'' >)odd the user to de~votop

.V~c-'''"el' -,n- U t w oerinputs perroittLed
'-'-coo ~ ~ ' I coo-''o2.o.i eAtrtm reouired to solve

* ~r. c- -l -!',ion of tiJesired ou

-. ~ \ x w"''onoVV'c'r'0 vvdctd i-o 0 e ame problems
*'0

OOf te

>0 . '..'0"A. :no?0 'I' COMp.lexitv of n

* .c t'-vjloc fedbck-~c ,wenaidvvw.-tc' available.

c-' - -;' ~-' - .odand 'lreo n n

J-l'-!(.L .0 tsreOr

~V.~o, 'I; nd A wer e 'no~tld 1, invc>t (IXCa too
ton or ai)no n-'\.oomeracto develop
* - -*\', '~ 'rJn~mro o cvv no virio-'-:ofeetics
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,iio- at, variou-, levvL,, of ~'o~~c-
ce;n5wtre oaskt;on 00tLc o.*u> ,

1, 0 9 .2.

a rforn I-VICar

O>'\.7 o Ir a dlQ_

ciq;in of Lxpcrinmc,:., 1 :-c

~b-outno5writcn in CR, -AN \ .V v

a orpcombination, a.~that ~ini 0 r~ ~

Tto performance moi;jc

LItaof crror-ma_urc_ an,:. o~ . ~
measures were:

a. P_, theC ponaLil', "I "i.r-*
was correctly c~s :,o~co....w ...-

b. PCP thie ronho't)ta.rC .- 2.

was a1CCePteCo.

C. P thebic pr-Ouailit\/ L~al Ir"C 0~o

ation waoo rejoct~eJ.

In addition to th i rrroc ,r..2'eN' V

error-measures were us,;co. A rclatvc 'r"
def ined as a partic ipant's error-;c ore or> e
an experimental problemmiw i/e ror*oev ter-

test problem. The relative rr-eor.:N "

move the effect of the particioant's nrc-;

result, were more csen_-itivc to cxperL0O 'CTh i ) l \QN

error-measures alone.



w'i~n wht)ch7 participar,.4 4 .

,u t ht-e conli4;a14l ~ 'r *

work cin ; morecc..,x " V,

to bo an, im-portant ero-r\0 1' J4 .

reduction in error,,- occurroe wien : rmox
were processed into a rt;andard ;o(-rmrr, uj)roscnz; ' .x-

pant.

Systmati ~Stratoqi,7- .inJ 2CCJ4.i-~K

A -.ocond reuland porna,! r.'rn.:'mr*r "

that participants in botrcw&oi< r pron'w ''

4 ~~~to use a systematic, !:tcp-by-,, tep eae'':r~ci,;~ .m'

sout7 n This roesult, Loqleti-er witOtu *fn4

suggested that feedback-aids, rn"nh o : ?l'., 4

participants to use sy,-teonatic ~rtc;<,.ypo:.~~
exampl e-solut ions and then feeding oc o edat'r
suggest possible additional ipt;

Breadth vs. Depth of Experience

A third re-sult of the firi:t two e\4rrr',V. '

the subsequent experinleonts, wa!;,aL t'. ,''' 44''V.AeVV '

education (i.e.,* beyond nci-, ,scnool) in,;te ' un;.ee t 'er



of professional expuriwnce wcr'ec.r ..

in predicting performance. A., a con, , . c • -.

additional demographic factor-, wur, cv.,. ,. t,:; ;,

in the subsequent expcmrtrrcnt_, :n

predictors of performcncc.

Low Frequency of Errnr=,-= - ,or -2

The fourtn resilt apa: u.*.

the observation that only a Cw erro-..-

during the generation oF t-no ox:.. , - , .. . -

errors that did occur were Vr rAr.-,;- -- . - .....

result influenced the i -x2'.r:--
coae w_,17 written to solvc t-,o ., . , -. .. .-

1, so that a comparitson of orror-r ... I_..........

F ocdhack-Aids

Three ati:i; V r-c2 a.V" &' . .. . -- '.

selection logic (SSL) -myp>~,, ,,J

tions. Aid #2 incluced t ,c 5_S-
type of the example-soliona vn -,,,. --,

ordered listing was ontercd o a ,

possible omissions in s-ip-con . .n-
SSL and a list of suggested amp-co : .o con-ic., .-

suggested ship-combinations were t-o.,, "oaca, a- -,...,.. cc

comple, the combinations suggested oy tao ux,..o-t,
previously entered.

The effect of the feeciKa-.... .aure.,/ .ao

error-score (P ), i.e. by the prooa'I5aLy of" acctn, a c-oct.
C'

ship-combination, was not stati:,ically :,iX;Aifcn. w;ve-,

the effect of the aids as measured by '- relative error--core

(error-score on the experiment probl-r ninus toe error--,co:e

on the pretest problem) was found to LDc signIficant anJ 'm;)orI-nt.
Apparently, the feedback-aids did help at least a portoa, o,: t c

participant population -- the icss-tnan-,,uporior pe.rforner_.

Those who would perform well without toe aids wore not od

by the aids. Also, it was apparent tcaL variaions in performance

due to the participants' innate abilities were greater -nan varia-
tions in performance due to Lne foedoback-aids. -ius, factor,

4

.. J _ ..... .. . . . . ... . -".-_ .... "> t



plus tine ooser'va*tior ~Yr<i no!.

u_;C trn aids,, May azCC0r'r ie-l!

aids on 2rror--icorc! na: .. orrC~an v
:,core.

CLCh an C. - ol-Oci it

partndN

fortsacA.
a few Oxamp'Ie-z.oU>,*_o ,ilI
wore possible next-,(,_ n0 -

Also, wnio taopa-:
,arined an error, Ai, -o o
complc .ed tre error- icx~ccc. pa::,o---.. LI- ._ A;.-.
thus be either nelpf_' or ra--. c aon) no\ *.-;,o V

When recommended o cr 5 a- . .,aucreAc' A -,

tnis type of feedback-,iia- is oc- c e'-'rrl f oe,- .~

display of patterns built upon cr-(Dr cI es to i"C,
of the error's detection - > ;~yn:~bimnpact c ca
provide recommended Souton ay aa ieuser 'Lo .c,(Ie:
errors.

,r-eadth vs. Depth of x>r-lc

The lack of a strong pr-edictive relationsnip bo -,%, -
year-s- of- highe r-educ at ion or ycar-n-of-expericnce and cr r-nn-
may come as a surprise to educators anc) directors Of PCtrac

departments. This result was found in all of the expenimienA., _I(
that very strong evidence -LS- avaiat-)I- 'to .upport the ass ertion tao!.
years- of-educ at ion and relevant work-exporience are not :.-,6c
dictors of problem-solving performancc.

5-



operatingsy.~r~ .r<7rr.. C

of computer Lsj /. ri

E xper; mc'>. I ,-

ronns I ana . an,;.,
tvt com i. 102. n,-,-', -

oatd to per-formance . ,-. - -C

senfsit,,i'it.

exam ple-s olu ion-,et1 e.v r.-:~r:.-.
combinations. Thi xe~~ cn:r-~(.~.

the probability of main:at.m cc7.t .. ,--'-'c x.

and the proCoL-AU ''y Of ducn O t.an I~CS

exampic-solut ion.

Analyses ofni a--a~rn l of Sj,(

that the probability of marw-n~an ,nina~lly-correct-.
.93. However, there \A/-: a ort'lit f u or detccan..r..
correcting a_. erroneous- cxam-pLc- -_ .o'uton. Onviousl,,
a performance decrem-ent to .cto andi corrce:e',n.-
erroneous example-solution:. Uet fcoedback -aiss mu
be directed toward the doteclior. ara correction of existir, ,

Feedback-Aid-; #2 and !P3, wh-ich were toe m
used in Experiments 3 and 4, were not,,, i'ovcr, a or
participants engaged in thc revision of eapes'uit
an nnalysis using relative mea!suLres_, wnicn tended toCr s
effect of participant skill, did not resuLlt. in stati-tteCalt iv.an
results. The conclusiorn, then, was ht_, tatqs

j6p



succc'f~1y :'rtvi .a.*-

r aid- ' of'T'

wort ro o',~2- i n r,-.,.7

in deection -) * rr~or C.

cjetectingc an-, Iore:-
fewer,' tao nL,,-:,r (-)I - c.

detectinr; a (siven err,

pr'Caabiiy (. )S;C c r >/ ''tr- r. a ' '

of detect int- anid corrtjr;'rc ----

Of juLC]n,- t7-at :ny >i~cr c"-* ' s-
of a soluinon a,, dez ar'm In j,15. iC~r7

2. T - t pe--, .v. -ae/'' ' O ri.t
found r1cftj

Tnis hypotries~s, conc-. -, _1-.ct--'--i cee ctior.
theory (whici- says tc - -" c"Vc'r, a finc-aOr
of a base-line iroat./n crmnt
on the signal itself), pr'edct 01 cc <iyoC-N-ec-inc

and correcting errors'- WIT1 7i di cn-----'j *, , ,"3

that the proo~abil ity of I in-'C rGr' )-ay/I(

small that it is not lik-ly "'i .7- '.2d. :-ut 1'. 11,:-C'

suggests a possible solution:. nnr W"':Cn car, la, c

be removed if not detected' to 'tncrcasc ;-c. :Daso- 1Line erro- ra,

and, thus, to increase the proeaihty ofl jotecting L'rikrown crrcr_.

Experirront C

Two types of errors were analy.ed. One yc' .

an "error-of-omission", referreci to an) error c7ta ro.AtL .C :"

failure to accept a correct entity (gsrn;cornoinatio:-<.
specifying a problem solution witri, exampic->'ol~ition>-, i.m o-trc-

71



of- c-rn L ,i~ C(Il j'. I co 1:. . ~ .-

r-i-,~~. , .; io K'v, n ,: ,

n'erQc v'N-

00 a--loxi-sy nn c 00o ' -. .

FCVi iAN~ N/ -4tflr"o\

i rr-O.( 0 - orn-rV'm

Vatt, ri :r-r>

'1<A

T iij -~c i:,- c,-

r-ni, in xpe ti-t'L ll . -

to specification by t 

from Exporimoi.v. ,. v>.-. va.n

compared to usinq FC KA. A' .~.;. ... ~.;,'.,

witu1 i 18% for progran- -a'

Three hypo(x't-:.orct-rninh(-j wooo cfor~-.

of toe example-soluton roe: ioaj .n 5 i. ~

1 . It was workinr; wit r examp'le-, and Joalinq vita!
each individtwAi conmbina: on ofi' 'moea -,j
time that resulted in n 1low raeof c'roro&,-of-
commission.

*For a discussion of I ~.ei' L Metri. , 'eo Connelly, r

& .Johnson, Techninal 1koporL 81-3o1) 'AI.



Wu~ I; I".4;

11 X

6.. . . . . . . .. . . . . . . .

' ,'' r'. .c. - - - 4 ~

C, or- t.'. r. . - ' ,4 -. .* ..- , '~4 r

Wort,....44

is true. If tao-, --cconv;i :rx§... ~ -.

Iependcnt .tructur'o. An, i .~- .'* ,-c

found to t)(, *,ruce, prk,.-((7: ik,-, .4 5-., : 4.,. 4' -6, ""~.~' -

the uC~o'- Fpr"o4rarn(,4 ' <-4*m"'4 ~ ~ ~ ,O~6

the same proqram 10 ;1,:) 4'~'.6.,K:':.*

Sflul.~In 1.14 t"... 14.1C "'~f 144.Iy tt'c exarn;," ,

Sln I(flo -, \Wil a-. now''4 4 x&'". ~

set of cxm~-Ouion-5

2 . Feedh.TcK-,an 1- con-, 1511 ml 4 n Odr 4 . a.:

all pro-: .04 :.~5 n!: al..-'()1. iq.:4t. 2,.

but, the predictive aidl typo referred to albove I.

preferred.

LZ9



~.Feedtilaclk-ai1: ,

nf b~o, rqrm>r.e. *- r

not perform w-Ill wo ;r

Performanceme:ur...,. . <

Performance Improvert 2v >n--,:..-r.

I- relative 0203;.a O~r". :

between FperformariCe o m~a.-
oxporrrer..al tji-AK *

The lack of a ;troncir -Lon -pl Q Vv; - 0

htqher-cclucat ion", "yea.-r ' '' .

formance, coupleci witc .. - -rr-

between "number of cnmp (r 2 . .

1number of oporatinc; ';

education and experience- oul.C ;1' .
tocy h-ave been i n I-o pas r 1:-,

Jetermnininq- s;alary lwvel,
I noticad , tronuml .: r of oax rv

and the nun-ier of vri2..K*.-

aire be:t(,r prom 2

LA';ed( Lint ii ie IIiC LW 'rl''i a4O in,~

-ire di,:ii4vcred(-.

Apparently, the dept2L,- ofaniivJ.i'- m

is not as important to pen ormnancc-i.-.

of his exper'ence.

7. A possible common uncorlyirc xr -e

factor is the ability to Viewprlra -r.

tive viewpointz , o)r the ihili~t e .

approaches to problem;- - in niew!:y ar

enhanced with feedback-aikia

B3. The performa.nce-p-redicton r, a~lye
measures, developed as5oe.- -mm''---

sures, not only clearlydmotre.52 '

strateqies werc use;d by sce :~ar; a
(wnich led to the deo-iqjn of the fcei rc am.,,s
also convincinqly demonstLrai ,e. 53.mmlt:

moment mreas;ures, proviuce 'e;niv:',o , x-
plain con!siderable performance varia-.nce ox

mately 60% in Experiment:- 1 L-nru~ 4).

10



the~~~ 'r"' "n.'lL ~

;0r-re xaj

10. TI ec CrI "I

~Jr-r-(hr'( )C Lxarri-o;:rr.

the lke w'Na: "C i I\r" I2O' (K'(

~at ~~-& r '"K

probanilit-y of cie2 cutnq rC"~

unknown t=(-) t:-c_ "(C 1nC I'v C Il" VL'V" r 'ATL I

outton!, (or c0rA)oUtc'1- u- r:
recor (21, to iflJ'r,,a: C j'~ .e V "'"

deteO 12 Gin ''2Cf(C\ i h ''.I C ,,n r"' j' 1'

of detct ing -nmhflW n"O'

11. Software- -r-r-ct~ ',:'
only to ;acL-tiKic' aa C.lc n GiO C

I iowever, ..l-V ; ~ 'rw '-C~ ,CWVC..

that war-,n an err-,a >1'('W'..i'C0((O~Ci1"~

suh-catcgoru'. t , 'iii'11 '' "' 'r:J1i,;12 .

predict ion Cegaat!ion:- c. "n.......concludced'

be selected withi rec,,ard, o -(czcCt-aoility as well a,-
to data collcctaoilty. -1wvo ,;un-categories sh-ould
be combined only Wien ta-ic ir prediction equations
are homologous, i.e. h-avo Lihe same indcpe)ndent
variables.

12. The superior performance (feower crrnr--n-of-cor'n-
mission) acihiev(,' wieen to ink,; example-: eluti on..
and inductive procoe;,ir)(; to -pecify problem solu-
tions ovcr the pct-For-maree a&nieved when uL ing
FORTRZAN IV code may provide a basis for
determining the under-lying_- ;--chanismn for that
success and a means for incorporating thatL

Li.J-



mecnani,m into [prno

.i)wo V. v re rcin..c,-. cVt ,f :Vr --

and (21 <11iV
lo-; 102 - ;tOOv- V /1 4 V ( 22'.V t '

FRECOMMLLN, )ATk 'K2~3 i9Z ilK KLSiEARCi I

1. ToesiLeLjyr aurc u.to : analyz:e FOPRTZAN IV
were not nmmnt:ornn-fLnaure!s. 1nrtcd,
they were, A ca ~a ()f type_, ofposiil

sra,,L',jitV,. -1nt peeciictive, power of the. mecasoro-2

was only/ moderateo- com-pa-.red to tnosc usecd to
evaluate performrance in dieveloping example-solu-
tions. It 1i'; ~uetc tat moment- to-m oment,
strategy-measu;,res be developed for both program-
design and prop ram-code tasks.

2. Feedback-aid,; des;igned to support development of
original exmle~ltin;were not found app ic-aol e
to the rcvto,: ion of erroneous- OXampie-uL,0Utin.

Since use of examp-s)L-,olutions is a vi&-Dic \ACV\ to

specify problem solu1tions in tsland rcveal:;,

ways of improving program de!;ign and co,,
successful revis ton-strategies should be iuent ifioc.;,
and revision-ai is should be derived from Lho>.e
strategies.

3. The "number of programming lanquages-" known
and the "number of operaiting sytes"LJ' iWV'

been shown to be good predictors of performance
both in developing example-solutLions and in writinq
program code. It is also suggeoqsted that tree ability
to develop alternative approa-cnces mavy no acoimmon

12
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factor which mnay be er' ; *v*arsr-.r.

ianquaqe, and operat ion y. a.w.;am

be a key efrmne
farit or or fart o~r,- re--u It 'r'.: t:-'u )r

should L)o dotorm tncG to i In jpu.r a
and des-ign of improv -,a Ji

. T" i!s _Uqgeste1d r-t .r u :-( . . ,,,- .
be a function of ai h,-i-- ii r( r- t

and theirefore- t-: . .,'--r~V

individual cneck in:; e- -

probability of ise t in-, - n,.r~~

and, if owia) re -iw,-a- ' f **-.a

should be Lus-eud

5. The basis for *ei' r .
solutions- necd-. 0 s r .,-)'v, a oas .

writing prograr- ok !70 r c- r: a1c

factors (or the u0, 0 -11 a-jmic-','
analyze logic *co ~mvaac~aecrna~
independent logic) and concent ci' coon tars
formation into a dif-fercn*' ir:;ti foam frfcd-
to the user for approvil neok to oec-n:ra;;ec
an experimental envirrnmet .ncrre is a potential
here for subs tantially tnra;~qtecorrectness of
computer programs tf an aid can no :'evoldped L(
permit transfer of time sperior, aleterror-
free performance wita.- examrple-soltitons to code-
writing performa-nce.

6. Independent of the mothodL, for improving perfor-
mance in writing prog-ra-m coda ugese in
Recommendation 5, a new aid desic,n should be
considered that combine:! rgeneral staitements
written in pro(Iram code with redundant example
solutions -- i.e. with exa-mple-solutions that are
not part of a programn tes, ,out, in!-tead, that are

inductively transformed into an alterna-tive code.
A pre-compiler a11s A'OuLJd produce aictual code from
both sourr-(,-. Potentia-l pe(rformani-ce--imp-rovemetnt
could provide high-quality, ailmost error-free coue.
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